The data underlying this study have been uploaded to the DANS repository and are accessible using the following DOI: [doi.org/10.17026/dans-ztr-t2tz](https://doi.org/10.17026/dans-ztr-t2tz).

Introduction {#sec001}
============

Repeated exposure to appetitive food-related cues can result in approach biases towards unhealthy food products. These biases, in turn, can translate into unhealthy food behaviors \[[@pone.0201309.ref001]--[@pone.0201309.ref005]\]. Such cognitive biases can be altered by applying approach-avoidance interventions (i.e., repeatedly approaching or avoiding certain stimuli) \[[@pone.0201309.ref006]\]. There is some initial support for the effectiveness of approach-avoidance interventions in altering food-related stimulus evaluations, as reflected in reduced approach biases towards unhealthy food stimuli \[[@pone.0201309.ref004], [@pone.0201309.ref007]--[@pone.0201309.ref009]\]. The results of approach-avoidance interventions on actual health behaviors such as food consumption are, however, less conclusive. More specifically, one study did find positive effects of an approach-avoidance intervention on actual food consumption \[[@pone.0201309.ref004]\], whereas several other studies reported non-significant effects on actual food consumption \[[@pone.0201309.ref002], [@pone.0201309.ref007], [@pone.0201309.ref010]\]. A possible explanation for these inconclusive results on actual health behaviors comes from a qualitative study showing that a lack of excitement is often experienced in approach-avoidance interventions due to its repetitive nature \[[@pone.0201309.ref011]\].

Serious gaming can potentially be a useful tool to enhance the engagement of approach-avoidance interventions. Serious gaming is an umbrella term for computer-delivered interventions that provide training and education in an entertaining way \[[@pone.0201309.ref012]\]. This innovative tool is increasingly applied in healthcare practice \[[@pone.0201309.ref012], [@pone.0201309.ref013]\], and recent studies in the food-related health domain have provided preliminary evidence for its effectiveness in optimizing food-related outcomes, including food intake \[[@pone.0201309.ref014]--[@pone.0201309.ref016]\]. A meta-analysis on the effects of serious gaming on healthy lifestyle indicated heterogeneous results, however, which can be at least partially due to the fact that serious games often lack evidence-based interventions \[[@pone.0201309.ref013]\]. A gamified approach-avoidance training has been investigated in one study so far, in the alcohol domain, which showed that a gamified approach-avoidance training produced similar results as a more traditional approach-avoidance training paradigm \[[@pone.0201309.ref017]\]. Although the effects of non-gamified approach-avoidance training have been investigated before in various domains, including healthy food behavior \[[@pone.0201309.ref002], [@pone.0201309.ref004], [@pone.0201309.ref007], [@pone.0201309.ref010]\], the effects of gamified approach-avoidance training have not yet been investigated in healthy food behavior.

Besides the lack of excitement that people often experience when completing approach-avoidance interventions, it was shown that those interventions are often faced with a lack of perceived credibility towards the helpfulness of such interventions \[[@pone.0201309.ref011]\]. Verbal suggestions can possibly optimize the effectiveness of gamified approach-avoidance trainings, since verbal suggestions are able to optimize perceived treatment credibility and health outcomes, as shown previously particularly in placebo research \[[@pone.0201309.ref018], [@pone.0201309.ref019]\]. First, this might be accomplished by influencing expectancies regarding the effectiveness of an intervention, i.e., outcome expectancies \[[@pone.0201309.ref018], [@pone.0201309.ref020]\]. Prior studies have demonstrated the effectiveness of outcome expectancies induced by verbal suggestions in relieving itch and pain in healthy participants \[[@pone.0201309.ref021], [@pone.0201309.ref022]\], and have shown that verbal suggestions are able to induce analgesic effects in various clinical patient populations, including patients with irritable bowel syndrome and patients undergoing thoracotomy \[[@pone.0201309.ref023]--[@pone.0201309.ref025]\]. A second way to influence health outcomes is by means of verbal suggestions that influence specific actions of approaching and avoiding certain stimuli without actually performing these actions, i.e., stimulus-response contingency instructions \[[@pone.0201309.ref026]--[@pone.0201309.ref029]\]. Verbal suggestions concerning stimulus-response contingencies were recently shown to alter evaluations of fictitious social groups or meaningless words \[[@pone.0201309.ref027]--[@pone.0201309.ref029]\]. These findings suggest that the effectiveness of gamified approach-avoidance trainings might be strengthened by verbal suggestions.

The present study aimed to investigate the effects of gamified approach-avoidance training on food-related outcomes and whether verbal suggestions could strengthen those effects. In this study, four conditions were compared: a gaming control condition, a serious gaming only condition, a verbal suggestions only condition, and a combined serious gaming and verbal suggestions condition. Virtual food preference and food choice, as assessed by a food choice task, were the primary study outcomes. Secondary outcomes were implicit food preference, as measured by an Implicit Association Test (IAT), and actual food intake, which was measured by a bogus taste test. It was hypothesized that both serious gaming conditions combined (i.e., with or without verbal suggestions) would show improved food-related outcomes compared to the gaming control condition. It was further explored whether the combined serious gaming and verbal suggestions condition would outperform the serious gaming only condition as well as the verbal suggestions only condition. The role of possible moderating factors such as self-control, self-efficacy and healthy eating goal was also explored \[[@pone.0201309.ref030]--[@pone.0201309.ref034]\].

Methods {#sec002}
=======

Ethics statement {#sec003}
----------------

The protocol was approved by the local psychological ethics committee of Leiden University (registration code: CEP16-0728/261) and was preregistered at the Netherlands Trial Register (registration code: NTR6198). The study was performed according to the Declaration of Helsinki (2013).

Design {#sec004}
------

The present study used a randomized experimental study design. Participants were randomly allocated, based on a 1:1:1:1 allocation ratio as generated by an online random number generator ([www.random.org](http://www.random.org)), to one of the four conditions, stratified for gender. During the experiment, participants were unaware of the existence of four different conditions and therefore blinded for randomization.

Participants {#sec005}
------------

A total of 120 participants were included in this study. Eligible participants were recruited by written and online flyers which were distributed from September to November 2016 at the campus of Leiden University. Participants had to be fluent in Dutch and between 18 and 35 years old. Exclusion criteria were: (a) severe physical or psychiatric conditions (e.g., chronic somatic diseases affecting daily life or Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition Text Revision \[DSM-IV-TR\] psychiatric disorders) that interfered with the study protocol, (b) body mass index (BMI) ≥ 30 (given the significant association of obesity with unhealthy lifestyles \[[@pone.0201309.ref035], [@pone.0201309.ref036]\]), and/or (c) having any food restrictions.

Experimental conditions and control condition {#sec006}
---------------------------------------------

The serious games and control games were developed in collaboration with Delft University of Technology (ViaNova). See [Fig 1](#pone.0201309.g001){ref-type="fig"} for screenshots of all games.

![Screenshots of all games.\
(A) Serious game in which participants were instructed to approach healthy items and avoid unhealthy items by pressing the corresponding arrows on the keyboard; (B) Serious game in which participants were instructed to click away the unhealthy items; (C) Serious game in which participants were instructed to collect the healthy items in a basket; (D) Non-health-related game in which participants were instructed to find and match similar pictures; (E) Non-health-related game in which participants were instructed to complete horizontal lines with various shaped blocks that fell down; (F) Non-health-related game in which participants were instructed to guess a color code by identifying the color pattern.](pone.0201309.g001){#pone.0201309.g001}

In all gaming conditions, participants first saw an instruction screen that informed them about the aim of the game. All games were comparable in their appearance and were provided with three different levels of difficulty. All games had a duration around one minute for each game and participants played all three games on the three levels of difficulty twice. In total, participants played 18 games for half an hour, divided into two sessions of 15 minutes, each with a 5-minute break in-between. To motivate participants, they were always rewarded with a virtual medal (golden, silver or bronze) at the end of each game, depending on their performance. In most of the games, participants could earn points and keep track of their performance through a score bar presented at the top of the screen. Accuracy and reaction times were tracked during the games to match the rewards with the performance of participants (note that they were not saved in a log file). In both serious gaming conditions, participants performed a gamified approach-avoidance intervention pertaining to food. Participants were exposed to three different games (see [Fig 1A, 1B and 1C](#pone.0201309.g001){ref-type="fig"}) that were all based on the same principle (i.e., approach-avoidance training) aiming to keep participants motivated in playing the games. The food products included in the games entailed various healthy food items, including different types of fruits and vegetables (e.g., pineapple, paprika) and unhealthy food items, including various high-caloric products (e.g., fries, cookies). In all three serious games, participants had to approach healthy items and avoid unhealthy items in an object-referenced way. In two games, participants had to push or click away (avoid) unhealthy items (see [Fig 1A and 1B](#pone.0201309.g001){ref-type="fig"}), and in one other game, participants had to focus on healthy items by collecting (approaching) these items and avoiding unhealthy items (see [Fig 1C](#pone.0201309.g001){ref-type="fig"}). In the gaming control condition, participants performed three non-health-related computer games, in which the instruction was to match similar non-health-related pictures in one game (see [Fig 1D](#pone.0201309.g001){ref-type="fig"}), to complete horizontal lines with different shaped blocks that fell down in another game (see [Fig 1E](#pone.0201309.g001){ref-type="fig"}), and to unlock a color code by guessing the color pattern in a third game (see [Fig 1F](#pone.0201309.g001){ref-type="fig"}). All games were presented to participants on a computer screen and participants could use the computer mouse and keyboard to play the games.

In the condition that was provided solely with verbal suggestions as well as in the combined serious gaming and verbal suggestions condition, participants received verbal suggestions. The verbal suggestions focused on the effectiveness of the serious games in order to induce outcome expectancies, and also informed participants about stimulus-action contingencies of the approach-avoidance training in the serious games. More specifically, participants were provided with the following verbal suggestions (translated from Dutch):

> "*You will play mini games for 15 minutes. After that you will have a break for a few minutes and then you will play the mini games for another 15 minutes*.
>
> *There are three different mini games. In each of these mini games, you will repeatedly respond to healthy and unhealthy stimuli. In the first mini game, you will see healthy and unhealthy food images. Your task is to pull images of healthy food products towards you and to push images of unhealthy food products away. In the second mini game, you will see images of healthy and unhealthy food products flying over. Your task is to keep healthy food products and click unhealthy food products away. In the third mini game, you will learn to make healthy choices. You will do this by catching healthy food products in a picnic basket and avoid the unhealthy food products*.
>
> *Prior research has shown that playing each of these mini games is effective in improving dietary habits*."

The verbal suggestions were followed by the information that some other tasks first had to be completed before the games would be played (verbal suggestions only condition) or that the games would be played immediately (combined serious gaming and verbal suggestions condition). In the verbal suggestions only condition, it was emphasized to participants that they had to make sure they would not forget the instructions in order to play the games accurately later on. Thereafter, they were exposed to the food-related outcome tasks. After completion of each task, the verbal suggestions regarding the instructions of the games were repeated. Although participants in the verbal suggestions only condition were told that they would play the games after those outcomes, they did not play the games anymore. In the combined serious gaming and verbal suggestion condition, participants were only provided once with the verbal suggestions.

Food-related outcomes {#sec007}
---------------------

### Food choice task {#sec008}

During a computerized food choice task adapted from a previous study \[[@pone.0201309.ref033]\], participants were presented with seven food product pairs (including one example pair) each containing one healthy food item and one unhealthy food item. As already determined in the previous study of Salmon and colleagues (2014), there were two different types of food product tradeoff pairs of which the first type of product pairs differed in healthiness (i.e., chocolate versus grapes, chocolate cookie versus fruit biscuit, and Dutch caramel waffle versus banana) and the second type of product pairs differed in attractiveness as well by pairing one tasty, unhealthy food product with a healthy, less palatable food product (i.e., chocolate bar versus cereal cookies, crisps versus rice crackers with peanuts, and crisps versus mixed nuts and raisins) \[[@pone.0201309.ref033]\]. For each pair, participants had to rate how strong their preference was separately for the healthy and unhealthy food product on 7-point scales ranging from 1 (*not at all*) to 7 (*very much*) and they had to indicate which of the two food products they would choose at that moment. A relative food preference was computed for each food product pair by subtracting the unhealthy food preference rating from the healthy food preference rating and subsequently calculating a sum score. Separate scores were determined for the healthiness tradeoff pairs and the healthiness and attractiveness tradeoff pairs. Scores can range from -18 to 18, with higher scores indicating healthier food preferences. Food choice was determined by summing the healthy food choices, with scores ranging from 0 to 3.

### Implicit association test {#sec009}

The food-related IAT used in the present study was based on a previously validated task \[[@pone.0201309.ref037]\] with slight changes to some items within categories as to fit the content of the task to the present study purpose. In this task, participants were instructed to categorize pleasant (i.e., happy, smile, peace, joy, pleasure) and unpleasant (i.e., pain, death, poison, sickness, vomit) words, next to healthy (i.e., fruits, banana, vegetables, salad, water) and unhealthy (i.e., chocolate, candy, cake, pastry, cookie) food-related words. The IAT consisted of five blocks. It started with a practice block of ten trials in which food-related words were presented and participants were asked to label these words as either unhealthy (left label) or healthy (right label). Thereafter, another practice block was presented to participants with ten trials in which pleasant and unpleasant words were each presented and participants were asked to assign these words to either positive (left label) or negative (right label) categories. The third and fifth block were test blocks consisting of 40 trials each in which participants had to assign both healthy and unhealthy food-related words, as well as pleasant and unpleasant words to different evaluative categories labeled with 'unhealthy or positive' (left label Block 3) or 'healthy or positive' (left label Block 5). In the fourth block, consisting of 10 trials, participants again had to categorize food-related words either as healthy or unhealthy, but now with reversed category locations as compared to Block 1 (i.e., left label = 'healthy' and right label = 'unhealthy'). In order to measure the strength of the association between healthy and unhealthy food-related words and the positive and negative valence, participants were instructed to perform the task as fast and accurately as possible. The IAT has been shown be a reliable measure with good predictive validity in measuring behavioral preference towards healthy and unhealthy food items \[[@pone.0201309.ref037]\]. Implicit food preference was calculated using the D4-algorithm \[[@pone.0201309.ref038]\], in such a way that higher scores indicate a healthier food preference.

### Bogus taste test {#sec010}

In order to measure actual food consumption, a bogus taste test was adopted from previous research \[[@pone.0201309.ref039]\]. Participants were presented with three different unhealthy food products (i.e., 75 grams of crisps, 225 grams of mini Dutch cookies, and 325 grams of M&Ms). These products were presented in separate bowls. For each food product, two identical bowls were presented to participants, who were informed that there were small differences between the food products, whereas these were actually identical. Participants were asked to rate the products from both bowls on various characteristics (e.g., sweetness, crispness) regarding any differences of the food products. Participants were informed that they could eat as much as they wanted and were given 10 minutes to complete their ratings. Unbeknownst to the participants, all bowls were weighed before and after the test in order to explore the total food consumption. Total food consumption was computed by subtracting the weight of all bowls after finishing the taste test from the weight before the start of the taste test.

Possible moderating factors {#sec011}
---------------------------

### Self-control {#sec012}

Self-control was measured by the 13-item Brief Self-Control Scale (SCS). Participants completed items on a 5-point scale ranging from 1 (*not at all*) to 5 (*very much*) \[[@pone.0201309.ref034]\]. Scores on this questionnaire can range from 13 to 65, with higher scores representing higher levels of self-control. The Dutch translation of this questionnaire was used \[[@pone.0201309.ref030]\], which was found to have a good internal reliability (Cronbach's alpha = .84).

### Self-efficacy {#sec013}

The healthy food factor of the Healthy Eating and Weight Self-Efficacy scale (HEWSE) was used to measure self-efficacy. This questionnaire consists of 7 items \[[@pone.0201309.ref040]\]. Participants completed items on a 5-point scale from 1 (*strongly disagree*) to 5 (*strongly agree*). Scores can range from 7 to 35, with higher scores representing higher levels of self-efficacy. A Dutch translation of the original English version was made by two independent translators applying a forward-backward translation method. A good internal reliability was found in the present study (Cronbach's alpha = .81), comparable to the original study \[[@pone.0201309.ref040]\].

### Healthy eating goal, hunger and appetite {#sec014}

Healthy eating goal was measured by a single item ('*To what extent do you have the goal to eat healthily*?') on a 7-point scale ranging from 1 (*not at all*) to 7 (*very much*) \[[@pone.0201309.ref033]\]. In addition, hunger, appetite and 'feeling like a bite' were measured by separate single items ('*To what extent are you hungry / do you experience appetite / do you feel like a bite at the moment*?') on a 7-point scale ranging from 1 (*not at all*) to 7 (*very much*).

Procedure {#sec015}
---------

Prior to participation, participants were informed that the experiment was about games and food, without further detailed information about the actual study purpose, and written informed consent was provided. First, several online questionnaires considering the inclusion and exclusion criteria, demographics, and some other questionnaires not related to the present study aim were completed. If participants were eligible to participate in the study, they were invited for a single lab session that took place at the Faculty of Social and Behavioural Sciences of Leiden University, the Netherlands. Participants were instructed to refrain from eating and drinking except for water for two hours prior to the lab session. At the start of the lab session, baseline psychological characteristics, including self-control, self-efficacy and healthy eating goal, were assessed. After randomization to one of the four conditions, participants were subjected to the food choice task, followed by the IAT and bogus taste test. The order of the IAT and bogus taste test was counterbalanced across participants. In the verbal suggestions condition, the verbal suggestions were repeated after each task. After the tasks, participants had to complete some questionnaires regarding psychological characteristics, which are not described here since they are unrelated to the present study aim. At the end of the session, participants were debriefed about the actual study purpose and received compensation for their participation (€10 or course credits).

Data preparation and statistical analyses {#sec016}
-----------------------------------------

Data were analyzed using IBM SPSS Statistics for Windows (Version 23; IBM Corporation, Armonk, NY, USA) with a two-tailed significance level of α \< .05. The sample size calculation was performed in G\*power 3.1 \[[@pone.0201309.ref041]\]. Based on an effect size *f* of .31 from a previous study on the effects of serious gaming on virtual food preference and food choice \[[@pone.0201309.ref042]\], a total sample size of 30 participants in each group, including 5 drop-outs (120 in total), was deemed sufficient to obtain a power of .80 with an *α* = .05. Two participants were excluded from the data analyses due to protocol deviations during the lab session (i.e., incorrect sequence of task completion). The data on the covariates were not processed adequately for one participant due to technical problems and for one participant the data on the food choice task were not processed adequately. Furthermore, actual food consumption was not weighed correctly for one participant and one participant did not want to eat one of the food products. Therefore, data of 117 participants were available for analyses on virtual food preference and food choice, as well as for implicit food preference, whereas data of 116 participants were available for analyses on virtual food preference and food choice and data of 115 participants were available for analyses of actual food consumption.

Concerning the food choice task, separate analyses were conducted for pairs differing in healthiness and pairs differing in both healthiness and attractiveness. Because the primary hypothesis of the study was that serious gaming, with or without verbal suggestions, would optimize food outcomes, we performed Analyses of Covariance (ANCOVAs) that tested the effect of the between-subjects factor of Type of Game (serious game vs. control game) by comparing each of the different outcomes for participants in the serious gaming conditions combined, i.e., with and without the verbal suggestions, with food preferences for participants in the gaming control condition. In case there was a significant effect of Type of Game, Holm's corrected pairwise comparisons were carried out to compare each of the four study conditions (gaming control, serious gaming only, verbal suggestions only, and combined serious gaming and verbal suggestions) separately, in order to receive more insights in the possible effective components of serious gaming (and verbal suggestions). Self-efficacy, self-control, and healthy eating goal were entered as covariates in all analyses.

Results {#sec017}
=======

Participant characteristics {#sec018}
---------------------------

151 participants completed the online questionnaire. The eligibility criteria were not met by 26 participants and they were therefore not included in the present study. Five participants did not show up for the lab session. In total, 120 participants (97 women; 80.8%), with an average age of 21.3 years (*SD* = 2.4; range 18--31), completed the study. Baseline characteristics for the four conditions are presented in [Table 1](#pone.0201309.t001){ref-type="table"}. Mean age, gender, BMI, hunger, appetite and feeling like a bite did not differ between the conditions. Also, no significant baseline differences for self-efficacy, self-control, and healthy eating goal were found (all *p*-values \> .05).

10.1371/journal.pone.0201309.t001

###### Descriptives for the four conditions separately.

![](pone.0201309.t001){#pone.0201309.t001g}

  --------------------------------------------------------------------------------------------------------------------------------------
                          Gaming control\   Serious gaming\   Verbal suggestions\   Serious gaming + verbal suggestions\
                          (*N* = 28)        (*N* = 29)        (*N* = 30)            (*N* = 31)
  ----------------------- ----------------- ----------------- --------------------- ----------------------------------------------------
  Age                     20.89 (1.85)      20.72 (2.42)      22.13 (2.91)          21.32 (2.18)

  Body Mass Index         22.53 (2.61)      21.99 (1.78)      22.07 (2.79)          22.21 (2.59)

  Sex, *n* female (%)     24 (85.70)        24 (82.80)        23 (76.70)            25 (80.60)

  Hunger                  3.82 (1.98)       3.97 (1.61)       3.77 (1.85)           4.20 (1.38)[^1^](#t001fn001){ref-type="table-fn"}

  Appetite                4.18 (2.04)       4.66 (1.57)       4.00 (1.74)           4.67 (1.40)[^1^](#t001fn001){ref-type="table-fn"}

  Feeling like a bite     4.36 (2.09)       4.76 (1.41)       4.23 (1.89)           4.97 (1.43)[^1^](#t001fn001){ref-type="table-fn"}

  Self-control (SCS)      38.50 (7.95)      37.21 (9.14)      42.10 (6.61)          39.03 (8.51)

  Self-efficacy (HEWSE)   24.07 (5.02)      23.83 (4.72)      24.60 (4.53)          24.70 (5.19)[^1^](#t001fn001){ref-type="table-fn"}

  Healthy eating goal     5.21 (1.07)       4.90 (1.08)       5.10 (0.96)           5.37 (0.85)
  --------------------------------------------------------------------------------------------------------------------------------------

^1^*N* = 30.

Note. SCS = Self-Control Scale, HEWSE = Healthy Eating and Weight Self-Efficacy scale

Virtual food preference {#sec019}
-----------------------

The results for food-related outcome measures are presented in [Table 2](#pone.0201309.t002){ref-type="table"}. The virtual food preference for the different conditions is presented in [Fig 2](#pone.0201309.g002){ref-type="fig"}. No significant differences between conditions were found for the healthiness tradeoff pairs nor the healthiness and attractiveness tradeoff pairs (both *p-*values \> .05).

10.1371/journal.pone.0201309.t002

###### Means and standard deviations of food-related outcome measures per condition.

![](pone.0201309.t002){#pone.0201309.t002g}

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                 Gaming control\   Serious gaming\                                    Verbal suggestions\                                   Serious gaming + verbal suggestions\
                                 (*N* = 28)        (*N* = 29)                                         (*N* = 30)                                            (*N* = 30)
  ------------------------------ ----------------- -------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------------------------------------------
  Food preference H tradeoff     1.50 (5.32)       1.03 (5.52)                                        4.53 (6.62)                                           2.38 (7.82)[^1^](#t002fn002){ref-type="table-fn"}

  Food preference H+A tradeoff   -2.36 (5.06)      -3.93 (5.03)                                       -2.93 (7.89)                                          -0.66 (6.61)[^1^](#t002fn002){ref-type="table-fn"}

  Food choice H tradeoff         1.89 (0.79)       1.83 (0.89)                                        2.10 (0.66)                                           1.90 (1.05)[^1^](#t002fn002){ref-type="table-fn"}

  Food choice H+A tradeoff       0.79 (0.79)       0.97 (0.78)[\*](#t002fn001){ref-type="table-fn"}   1.03 (0.81)                                           1.34 (0.90)[\*](#t002fn001){ref-type="table-fn"}[^1^](#t002fn002){ref-type="table-fn"}

  Implicit food preference       0.51 (0.64)       0.84 (0.49)[\*](#t002fn001){ref-type="table-fn"}   0.79 (0.50)                                           0.88 (0.46)[\*](#t002fn001){ref-type="table-fn"}

  Food Consumption               58.71 (23.96)     66.04 (26.43)                                      59.02 (23.18)[^2^](#t002fn003){ref-type="table-fn"}   66.33 (25.88)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*indicates a significant difference between both serious gaming conditions combined, i.e., with and without the verbal suggestion, and the gaming control condition

^1^*N* = 29.

^2^*N* = 28.

Note. H tradeoff = Healthiness tradeoff, H+A tradeoff = Healthiness and Attractiveness tradeoff

![Means and standard errors of the mean for virtual food preference.\
H tradeoff pairs = Healthiness tradeoff pairs; H+A tradeoff pairs = Healthiness and Attractiveness tradeoff pairs. A higher score on the y-axis represents a more healthy food preference. No significant differences were found in relative food preference between the four conditions on H tradeoff pairs and H+A tradeoff pairs.](pone.0201309.g002){#pone.0201309.g002}

Virtual food choice {#sec020}
-------------------

In [Fig 3](#pone.0201309.g003){ref-type="fig"}, virtual food choice for the different conditions is presented. We did not find a significantly healthier virtual food choice on healthiness tradeoff pairs in the serious gaming conditions (*p* = .95).

![Means and standard errors of the mean for number of virtual healthy food choices.\
H tradeoff pairs = Healthiness tradeoff pairs; H+A tradeoff pairs = Healthiness and Attractiveness tradeoff pairs. A significant difference was found in that the two serious gaming conditions combined, i.e., with and without the verbal suggestion, showed a higher mean of healthy food choices on H+A tradeoff pairs compared to gaming control. No significant differences between the four conditions were found for H tradeoff pairs.](pone.0201309.g003){#pone.0201309.g003}

On pairs differing in healthiness as well as attractiveness, however, a significantly healthier food choice was found for both serious gaming conditions combined, i.e., with and without the verbal suggestions, compared to gaming control, *F* (1,81) = 4.54, *p* = .036, *η*^*2*^ = .13. Pairwise comparisons did not yield any significant differences between the groups (all adjusted *p*-values \> .05).

Implicit food preference {#sec021}
------------------------

Implicit food preference outcomes are presented in [Fig 4](#pone.0201309.g004){ref-type="fig"}. A significantly healthier implicit food preference was found for both serious gaming conditions combined, i.e., with and without the verbal suggestions, compared to the gaming control condition, *F* (1, 82) = 8.09, *p* = .006, *η*^*2*^ = .14. Pairwise comparisons showed a trend towards a healthier implicit food preference for the combined serious gaming and verbal suggestions condition compared to gaming control, *F* (1, 53) = 6.383, adjusted *p* = .090, *η*^*2*^ = .14.

![Mean and standard error of the mean for implicit food preference.\
A higher score on the y-axis represents a more healthy implicit food preference. A significant difference was found in that the two serious gaming conditions combined, i.e., with and without the verbal suggestions, showed a higher implicit preference for healthy food items compared to gaming control.](pone.0201309.g004){#pone.0201309.g004}

Food consumption {#sec022}
----------------

The results for the four conditions on implicit food preference are presented in [Fig 5](#pone.0201309.g005){ref-type="fig"}. No significant differences between conditions were found on the bogus taste test (*p* = .17).

![Mean and standard error of the mean for total amount of food consumption.\
No significant differences between the four conditions were found in total amount of food consumption.](pone.0201309.g005){#pone.0201309.g005}

Discussion {#sec023}
==========

The present study used an innovative approach of combining a gamified approach-avoidance training and verbal suggestions to optimize food-related outcomes. A gamified approach-avoidance training resulted in more healthy virtual food choices for pairs differing in both healthiness and attractiveness, and also in a healthier implicit food preference, compared to a non-health-related gaming session. No effects were found on actual food consumption. By investigating the effectiveness of a gamified approach-avoidance training and the add-on effects of verbal suggestions on multiple food-related outcome measures, this study extends current literature on the effectiveness of approach-avoidance trainings in optimizing food outcomes and shows that a gamified approach-avoidance training with or without verbal suggestions affect both virtual and implicit food preference.

Concerning virtual food preference and food choice, the gamified approach-avoidance training resulted in more healthy virtual food choices on pairs differing in healthiness as well as attractiveness compared to playing non-health-related games. On healthiness tradeoff pairs, however, we did not find a healthier virtual food preference and choice after serious gaming. Because the present study included a sample with a relatively high healthy eating goal (i.e., *M* = 5.1 on a 7-point scale), the tradeoff pairs solely differing in healthiness possibly were not challenging enough to optimize these goals even further by means of serious gaming with or without the add-on of verbal suggestions. Instead, opportunities for optimization of food choices are provided by administering a more challenging tradeoff of food pairs differing in healthiness as well as attractiveness, which is intended to generate a self-control conflict \[[@pone.0201309.ref033]\].

Implicit food preference was also optimized after playing the serious games, in that participants in the serious gaming conditions showed a higher preference for healthy food products over unhealthy food products compared to the gaming control condition. Actual food intake was, however, not affected by playing the serious games and/or providing verbal suggestions. Hence, in our data, the effects of the gamified approach-avoidance training and the add-on of verbal suggestions are restricted to indirect measures of food behaviors, such as virtual food choice and implicit food preference. These discrepant results for direct and indirect measures of food behaviors are partially in line with previous studies on the effects of standard approach-avoidance interventions that also did not find any effects on food consumption \[[@pone.0201309.ref002], [@pone.0201309.ref007], [@pone.0201309.ref010]\]. In one study in which participants were trained to approach or avoid chocolate, an effect on food consumption was found in the group that was instructed to avoid chocolate, in that this group ate less of a chocolate muffin, but not of a blueberry muffin, in a subsequent taste test \[[@pone.0201309.ref004]\]. The results therefore seemed to be restricted to the trained stimulus and did not generalize to other stimuli. Although the present study was not designed to measure possible transfer effects to other food stimuli, future studies should aim to explore possible transfer effects after serious gaming and verbal suggestions by incorporating various food stimuli.

In the present study, the gamified approach-avoidance training was based both on approaching healthy food items and avoiding unhealthy food items. However, the incorporated bogus taste test only consisted of high caloric snack foods, withholding participants from making a healthy food-related choice. Although the majority of bogus taste tests applied in experimental studies are restricted to high caloric snack foods \[[@pone.0201309.ref043]\], future studies should look into the possibility to develop a more ecologically valid reflection of food consumption, in which healthy food choices can be made as well.

Verbally induced expectancies have been shown to affect health outcomes and combining multiple learning strategies can possibly result in optimized effectiveness of learning processes \[[@pone.0201309.ref018], [@pone.0201309.ref044]\]. For example, the placebo literature demonstrated that strengthening positive expectations towards interventions by verbal suggestions can enhance treatment effectiveness \[[@pone.0201309.ref018], [@pone.0201309.ref025], [@pone.0201309.ref045]\]. The verbal suggestions that were incorporated in the present study could have altered participants' expectations and thereby strengthened the effectiveness of those games. In line with this reasoning the present study found a trend on the IAT indicating more positive implicit food preference for the combined condition compared to the gaming control condition. This trend was not found for the serious gaming only condition or the verbal suggestions only condition, providing some (very preliminary) evidence that playing serious games accompanied by verbal suggestions might be more effective than only playing serious games. Future research should further investigate the added effectiveness of incorporating verbal suggestions in serious gaming.

Interestingly, the results of the verbal suggestions only condition on food-related outcomes seemed comparable with those of the serious gaming only condition and the combined serious gaming and verbal suggestions condition (see [Table 2](#pone.0201309.t002){ref-type="table"}). The fact that the serious games in the present study were primarily based on approach-avoidance training does not mean that effects were the result of low-level mental processes such as the automatic formation of stimulus-response associations on the basis of repeated pairings of stimuli and responses. In accordance with an inferential account of approach-avoidance training effects \[[@pone.0201309.ref046]\], the training (or even the instructions about stimulus-response contingencies before the training) could also have allowed participants to make inferences about the foods or about the outcomes of food-related actions (e.g., expectancies of positive effects of eating healthy). This could also, at least partially, provide an explanation for the similar effectiveness of verbal suggestions and serious gaming conditions, as solely providing participants with verbal suggestions concerning the actions of serious gaming might be sufficient to make similar inferences that influence food-related outcomes. This observation is in line with previous literature, which already demonstrated that verbal suggestions can change stimulus evaluations not only by repeatedly performing approach and avoidance actions, but also by providing people with verbal suggestions concerning these actions \[[@pone.0201309.ref027]--[@pone.0201309.ref029]\]. In the present study, however, no significant effects were found for the verbal suggestions only condition. It would nevertheless be interesting to further investigate the effects of verbal suggestions in future research with a specific aim to address the efficacy of verbal suggestions only in optimizing food outcomes which was not a predefined aim of the present study.

Next to the innovative approaches used in the present study to examine the combined effect of a gamified approach-avoidance training and verbal suggestions by incorporating multiple food-related outcome measures, there are several limitations that should be noted as well. First of all, recruitment of a predominantly highly educated student population who had rather high healthy eating goals precludes generalization of findings to a broader population. It is recommended that future studies incorporate other (target) populations in order to further examine the effectiveness of serious gaming and verbal suggestions in optimizing health behaviors. Second, one of the factors contributing to the effectiveness of serious gaming is enhanced engagement \[[@pone.0201309.ref047]\]. In this study, serious gaming was used in order to enhance engagement of approach-avoidance interventions; however, formal testing of engagement was not included due to the fact that formal indices of engagement are generally lacking. Future studies should aim to develop and incorporate assessments of engagement. Third, although we do not have indications that there was a lack of perceived credibility concerning the provided verbal suggestions, future studies should incorporate a manipulation check (as this might be an important determinant of the effects of verbal suggestions). Additionally, future studies might include a measure of demand compliance because this might provide an explanation of our study results. Note, however, that this explanation does not fit well with the observation that most of the participants were surprised by hearing the study aim. Fourth, previous research provided support for the moderating effects of contingency awareness on implicit and explicit stimulus evaluations \[[@pone.0201309.ref027], [@pone.0201309.ref048]\]. In future research, it would therefore be interesting to evaluate whether contingency awareness moderates the effects of gamified approach-avoidance training and verbal suggestions on food-related outcomes. Fifth, although we minimized the information concerning the actual study aim of the experiment prior to participation, it cannot be ruled out that participants' responses on the tasks may have been influenced by informing them beforehand that this experiment was about games and food. Sixth, the present study was designed to investigate the combined effects of the serious gaming conditions, i.e., with and without the verbal suggestion, compared to the gaming control condition. In order to draw conclusions on the effectiveness of the individual conditions, future studies should include a larger sample size. Finally, the present study only investigated the effects of serious gaming and verbal suggestions directly after the manipulations. Since we do not know whether those effects will be maintained on a longer term, this should be investigated in future studies by including follow-up assessments. In addition, future studies should evaluate important moderators of serious gaming effects by incorporating various durations of the games and amount of sessions.

The present study was the first in investigating the combined effectiveness of serious gaming and verbal suggestions on food-related outcomes and as such integrates the serious gaming research with research on placebo effects. Some initial support was provided for the effects of serious gaming on virtual food choice and implicit food preference, and possibly the add-on effectiveness of verbal suggestions. By combining innovative ways to alter approach and avoidance tendencies, the present study advances scientific knowledge on the effectiveness of approach-avoidance trainings in optimizing food-related outcomes. Future research should further investigate the effectiveness of serious gaming and the role of verbal suggestions in optimizing food-related outcomes in various target populations and other health domains, such as physical activity.
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